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Abstract: 
This paper explores the impact of network structural embeddedness of an organization on its 
innovativeness. Based on a survey of 104 organizations in the medium and high technology sectors 
in Saudi Arabia, we explored the relationships between different network characteristics (i.e. 
network density, centrality) and ŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ type and degree of innovativeness. Using a logistic 
regression analysis, the study finds that there is a positive and significant relationship between 
ŽƌŐĂŶŝǌĂƚŝŽŶ ?ƐŶĞƚǁŽƌŬĚĞŶƐŝƚǇĂŶĚĐĞŶƚƌĂůŝƚǇǁŝƚŚboth product innovation and process innovation. 
Additionally, the study investigated the influence of network characteristics on the degree of novelty 
of innovation (i.e. radical innovation). The findings reveal that having a central network position in 
terms of betweenness and degree centrality have a positive and significant relationship with novel 
innovation. However, the study results show insignificant relationship between network density and 
novel innovation. 
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Introduction: 
Networking and inter-organizational collaboration is a key strategy in stimulating innovation in 
organizations (Faems et al., 2005; Pittaway et al., 2004; Soh, 2003). This has resulted in an increased 
body of literature studying the link between innovation performance and firm participation and 
position in networks (Ahuja, 2000; Capaldo, 2007; Phelps, 2010; Pittaway et al., 2004; Rowley et al., 
2000; Ruef, 2002). Many of these authors have highlighted the need to carry out further research 
into network characteristics and its impact on innovativeness to overcome some of the fragmented 
and inconsistent discussion in current literature. From a country perspective, limited studies have 
examined this area of research in the emerging economies context (Radas and Bozic, 2009; Zeng et 
al., 2010).  
Organizations are facing a growing competitive pressure driving them to innovate in order to gain 
and sustain a competitive advantage. The ability of organizations to innovate has been viewed as a 
crucial task for achieving renewal, survival, and growth of firms (Bradley et al., 2012; Frishammar et 
al., 2012; Liao et al., 2008) ?dŚĞĚĞŐƌĞĞŽĨĨŝƌŵ ?ƐŝŶŶŽǀĂƚŝǀĞŶĞƐƐĂŶĚĐŽŵƉĞƚŝƚŝǀĞŶƐƐ ?ŚŽǁĞǀĞƌ ?ŵĂǇ
ŶŽƚƐŝŵƉůǇĚĞƉĞŶĚŽŶĂƐŝŶŐůĞĨŝƌŵ ?ƐŝŶternal capabilities and skills as a growing number of evidence 
has shown. Rather, it depends on how they can gain access to external sources of knowledge, 
information and competencies through an effective innovation network (Laursen and Salter, 2006; 
Nieto and Santamaria, 2007). Typically, the innovation process involves participation of several 
actors (i.e. firms and other organizations), particularly when more novel innovations are sought. 
Therefore, organizations start to recognise that innovations become less and less the outcome of an 
ŝŶĚŝǀŝĚƵĂů Ĩŝƌŵ ?Ɛ ŝƐŽůĂƚĞĚ ĞĨĨŽƌƚƐ ĂŶĚ ƚŚĞǇ ŝŶĐƌĞĂƐŝŶŐůǇ ĚĞƉĞŶĚ ŽŶ ŝŶƚĞƌ-organizational network 
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relationships and links as external sources of innovation (Coombs et al., 2003; Nieto and Santamaria, 
2007; Perkmann and Walsh, 2007).  
Recently, extant literature introduces social network perspective into strategic alliances and inter-
organizational research in an attempt to in depth investigate organization networks and its effect on 
innovation performance. In innovation management research, for instance, networks have been 
viewed as an essential aspect for organizations to gain strategic benefits such as knowledge, 
information, and resources (Owen-Smith and Powell, 2004) ? KƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ ƉŽƐŝƚŝŽŶ ? ƌĞůĂƚŝŽŶƐ ĂŶĚ
ties to other actors in the network, and the diversity of these actors could enhance learning, 
innovation (Phelps, 2010), and access to new knowledge and information (Soh, 2003). 
This research study deals with the above challenges and aims to shed light on the relationship 
between network structural embeddedness- characteristics of the relational structure in an 
ŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ network (Rowley et al., 2000),  and organizational innovation performance in the 
context of emerging economies. It builds on several innovation management research streams that 
look into organizaƚŝŽŶ ?Ɛ ƐƚƌĂƚĞŐŝĐ ĂůůŝĂŶĐĞƐ ŶĞƚǁŽƌŬ ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ĂŶĚ ŝƚƐ ĞĨĨĞĐƚ ŽŶ ŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ
innovativeness. The study contributes to the existing literature by developing a social network 
ĂŶĂůǇƚŝĐĂů ĂƉƉƌŽĂĐŚ  ?^E ? ƚŽ ŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ ŝŶŶŽǀĂƚŝǀĞŶĞƐƐ ĨƌŽŵ ĂŶ ŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ ĞŐŽ ŶĞƚǁŽƌŬ
perspective. Additionally, based on a sample of 104 firms in the medium and high technology sectors 
in Saudi Arabia and 317 of their network alliances, this study uses logistic regression analysis  to 
examine the impact of organization structural embeddedness (i.e. network density, centrality) in 
shaping its type of innovation and the degree of innovation novelty.  
Literature review: 
Social Network: an overview 
^ŽĐŝĂůŶĞƚǁŽƌŬĨŝĞůĚŽĨƌĞƐĞĂƌĐŚŚĂƐĐŽŶƐŝĚĞƌĂďůǇĂƚƚƌĂĐƚĞĚƐĐŚŽůĂƌ ?ƐĂƚƚĞntion in the recent decades 
(Wasserman and Faust, 1994; Borgatti and Foster, 2003).  Nowadays, there is an increasing interest 
ŝŶƚŚĞĂĐĂĚĞŵŝĐ ůŝƚĞƌĂƚƵƌĞƚŚĂƚŽƌŐĂŶŝǌĂƚŝŽŶ ?ƐĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ŝŶĂŶĞƚǁŽƌk matters for its economic 
and innovativeness. The concept of social network has been used to examine many structural and 
relational aspects of organizations and its effect on innovation in various industries such as 
biotechnology (Gilsing and Duysters, 2008; Owen-Smith and Powell, 2004; Powell et al., 1996), 
chemical (Ahuja, 2000; Gilsing et al., 2008), multimedia (Gilsing and Duysters, 2008), 
telecommunications (Phelps, 2010), semiconductor and steel industries (Rowley et al., 2000).    
Networks and relations are at the heart of social network analysis where the focus is on the 
relationships among actors (i.e. individuals, groups, organizations) (Gilsing and Duysters, 2008). 
ŽƌŐĂƚƚŝ Ğƚ Ăů ?  ? ? ? ? ? ? ĚĞĨŝŶĞĚ ŶĞƚǁŽƌŬƐ ĂƐ  “Ă ǁĂǇ ŽĨ ƚŚŝŶŬŝŶŐ ĂďŽƵƚ ƐŽĐŝĂů ƐǇƐƚĞŵƐ ƚŚĂƚ ĨŽĐƵƐ ŽƵƌ
attention on the relationships among the entities that make up the system, which we call actors or 
ŶŽĚĞƐ ? ?ŽƌŐĂƚƚŝĞƚĂů ? ? ? ? ? ?, p1). Social networks are formally defined as a set of actors (individuals, 
departments, organizations, etc.) that are connected by one or more types of relations-relations are 
a collection of ties among actors- (Scott and Carrington, 2011; Wasserman and Faust, 1994).  
Social network is concerned with actors and the relationships among them. Accordingly, Social 
Network type of Analysis (SNA) is based on the assumption of the importance of relationships 
among interacting actors, hence, SNA aims to study and analyse these relationships (Wasserman and 
Faust, 1994). According to social network perspective, actors and the relations among them are the 
two fundamental concepts in any network (Scott and Carrington, 2011; Wasserman and Faust, 
1994). Furthermore, netwŽƌŬƐ ƉůĂǇ ĂŶ ŝŵƉŽƌƚĂŶƚ ƉĂƌƚ ŝŶ ĂĐƚŽƌƐ ? ĂĐĐĞƐƐ ĂŶĚ ďĞŶĞĨŝƚ ŽĨĨůŽǁ ŽĨ
information, knowledge, and resources (Scott and Carrington, 2011; Wasserman and Faust, 1994; 
Ibarra, 1993; Owen-Smith and Powell, 2004). The type of access and benefits depend heavily on how 
well actor is connected to other actors in the network. Additionally, network approach allows 
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capturing the position and interaction of any actor within the larger field of activities to which the 
actor belongs (Kilduff and Tsai, 2003). Therefore, by focusing on actors and relationships among 
ƚŚĞŵ ?^EĞŶĂďůĞƐƵƐƚŽŐĂƚŚĞƌĂŶĚŝŶǀĞƐƚŝŐĂƚĞŶĞƚǁŽƌŬĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐŝŶƚĞƌŵƐŽĨĂĐƚŽƌƐ ?ƌĞůĂƚŝŽŶĂů
and structural properties in great details (Gilsing and Duysters, 2008).  
Social Network and Organization Innovativeness:  
There is an increasing agreement in the extant academic literature that network characteristics plays 
ĂŶ ĞƐƐĞŶƚŝĂů ƌŽůĞ ŝŶ ŝŶĨůƵĞŶĐŝŶŐ ŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ ĞĐŽŶŽŵŝĐĂĐƚŝŽŶƐ ? ůĞĂƌŶŝŶŐ ĂŶĚ ŝŶŶŽǀĂƚŝŽŶ 
performance (Gulati et al., 2000; Gulati and Gargiulo, 1999; Kilduff and Tsai, 2003; Powell et al., 
 ? ? ? ? ? ? ĐƚŽƌ ?Ɛ relational and structural network properties, for instance, determine in part the 
constrains and opportunities that the actor might encounter. Therefore, identifying such network 
dimensions is fundamental for predicting actor outcomes (Borgatti et al., 2013; Kilduff and Tsai, 
2003; Owen-Smith and Powell, 2004; Phelps, 2010).  
dŚĞƌĞ ĂƌĞ ƚŚƌĞĞ ŶĞƚǁŽƌŬ ?Ɛ ĚŝŵĞŶƐŝŽŶƐ ƚŚĂƚ ŚĂǀĞ ďĞĞŶ ŝĚĞŶƚŝĨŝĞĚ ŝŶ ƚŚĞ ůŝƚĞƌĂƚƵƌĞ ǁŚŝĐŚ ĐŽƵůĚ
ŝŶĨůƵĞŶĐĞ ŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ ŝŶŶŽǀĂƚŝǀĞŶĞƐƐ ? ƌĞůĂƚŝŽŶĂů ? ƐƚƌƵĐƚƵƌĂů ? ĂŶĚ ĐŽŵƉŽƐŝƚŝŽŶ ƉƌŽƉĞƌƚŝĞs. First, 
relational network properties, these properties address the relationships among actors in the 
network. Such relations are in a form of a collection of ties among actors (i.e. strong ties and weak 
ties) and the strength and composition of these ties.   Second, structural network properties, such as 
network density and centrality, which are concerned with the pattern of ties and interactions that 
exist among a set of actors (Powell et al., 1996; Wasserman and Faust, 1994). Third, network 
composition ?ǁŚŝĐŚƌĞĨĞƌƚŽƚŚĞǀĂƌŝŽƵƐĂƐƉĞĐƚƐŽĨĂĐƚŽƌƐĂƚƚƌŝďƵƚĞƐŝŶƚŚĞŶĞƚǁŽƌŬ ?ƐƵĐŚĂƐĂĐƚŽƌ ?Ɛ
ƚƌĂŝƚƐĂŶĚĨĞĂƚƵƌĞƐ  ?ŝ ?Ğ ? ?ƐŝǌĞ ? ŝŶĚƵƐƚƌǇ ?ƉƌŽĨŝƚ ?ĞƚĐ ? ?ĂŶĚĂĐƚŽƌƐ ƚǇƉĞŽĨƉĂƌƚŶĞƌƐ  ?ƉĂƌƚŶĞƌ ?ƐĚŝǀĞƌƐŝƚǇ ?
(Powell et al., 1996; Wasserman and Faust, 1994).   
Organizations started to realize the significance of network characteristics in achieving competitive 
advantage and organization growth. The types and characteristics of network in which organizations 
are embedded can enhance organization learning and innovation (Ahuja, 2000; Capaldo, 2007; 
Phelps, 2010; Powell et al., 1996). These network structural characteristics are going to be our main 
focus in this paper, in order to uncover the different effect on organization innovativeness. 
Network Structural properties:  
Structural variables considered cornerstone of social network data. Measurements of these variables 
could be carried out on pairs of actors/nodes (Wasserman and Faust, 1994).  Structural variables 
concerned with the position that an actor occupy in the network (Rowley et al., 2000). Measuring 
these variables enable exploring the impact of the structure of relations around actors on their 
propensity to cooperate with one another (Gulati and Gargiulo, 1999). Types of structural variables 
which include actors position in terms of network density and centrality and their importance to 
Ĩŝƌŵ ?ƐŝŶŶŽǀĂƚŝǀĞŶĞƐƐǁŝůůďĞĚŝƐĐƵƐƐĞĚŝŶƚŚĞĨŽůůŽǁŝŶŐƐĞĐƚŝŽŶs.  
Network Density:  
Network density is one of the main measures of network structure. There are two types of network 
densities; global density and local density. Global network density-considers both types of ties-direct 
and indirect ties-as a property of the total network (Gilsing et al., 2008). Whereas, local density 
ĞǆĂŵŝŶĞƐƚŚĞŝŶƚĞƌĐŽŶŶĞĐƚĞĚŶĞƐƐŽĨƌĞůĂƚŝŽŶƐŚŝƉƐĂŵŽŶŐĂĨŽĐĂůĨŝƌŵ ?ƐĚŝƌĞĐƚƉĂƌƚŶĞrs (Rowley et al., 
2000).  
Network density in general is a measure of connectedness between members in a network.  
ĐĐŽƌĚŝŶŐ ƚŽ ůĞĞ  ? ? ? ? ? ? ? ŶĞƚǁŽƌŬ ĚĞŶƐŝƚǇ ŝƐ ĚĞĨŝŶĞĚĂƐ ƚŚĞ ĚĞŐƌĞĞ ƚŽ ǁŚŝĐŚ Ă Ĩŝƌŵ ?Ɛ ĐŽŶƚĂĐƚƐ ĂƌĞ
connected between each other (Lee, 2007). Based on the literature, there are two views concerning 
the effect of dense network on innovation. On the one hand, dense network generate trust, 
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reciprocity norms, and a shared identity, which increase cooperation and knowledge sharing among 
organizations (Phelps, 2010; Schilling and Phelps, 2007). On the other hand, sparse network increase 
creativity and innovation by constructing structural holes that provides network actors with non-
redundant information and timely access to diverse knowledge (Phelps, 2010; Schilling and Phelps, 
2007). In fact, there is still argument and disagreement regarding which structure of network density 
would be a best fit for organizations seeking better performance and innovation.  Nevertheless,  
both views provide different benefits, which are useful for different strategies purposes (Rowley et 
al., 2000). 
In a longitudinal investigation of 77 telecommunications equipment manufacturers, Phelps (2010) 
ĞǆĂŵŝŶĞĚƚŚĞŝŶĨůƵĞŶĐĞŽĨŶĞƚǁŽƌŬĚĞŶƐŝƚǇŽŶĨŝƌŵ ?ƐĞǆƉůŽƌĂƚŽƌǇŝŶŶŽǀĂƚŝŽŶƉĞƌĨŽƌŵĂŶĐĞ (Phelps, 
2010). He adopted the ego network analysis approach to identify all possible undirected pairwise 
combinations of sample firms, the ego network density was the percentage of all possible ties 
ĂŵŽŶŐĂŶĞŐŽ ?ƐĂůƚĞƌƐƚŚĂƚŚĂĚďĞĞŶĨŽƌŵĞĚ ?^ĐŽƚƚ ? ? ? ? ? ? ?/ŶŚŝƐstudy, Phelps (2010) concluded that 
firms which enjoy a dense network among its partners will benefit from a strong influence of 
partners diversity which in turn increases its exploratory innovation.  
According to that, we propose the following hypothesis: 
H1a: Network density has a positive relationship with Product innovation.  
H1b: Network density has a positive relationship with Process innovation. 
H1c: Network density is negatively related to degree of novelty. 
Centrality: 
In social network analysis, centrality considers one of the most important measures and it is 
ĐŽŶĐĞƌŶĞĚǁŝƚŚĂĐƚŽƌ ?ƐƉŽƐŝƚŝŽŶŝŶĂŶĞƚǁŽƌŬ ?ĐĞŶƚƌĂůĂĐƚŽƌŝƐŽŶĞƚŚĂƚŝƐĂƚƚŚĞĐĞŶƚƌĞŽĨĂŶƵŵďĞƌ
of connections in the network (Scott, 2013).  The actor could be an individual or organization where 
the strategically centred actor can enjoy a wider access to knowledge and flow of information and 
control over valued resources (Ibarra, 1993). Centrality could benefit the actor by being on the 
passage point for the transmitted knowledge and information in the network (Owen-Smith and 
Powell, 2004). It could be measured based on two main categories as degree, and betweenness 
centrality.  
Degree Centrality: 
Degree centrality can be defined as the degree to which an actor is involved with other actors in the 
network. Central actors could be considered as the most active ones in the sense that they have the 
most ties to other actors in the network (Wasserman and Faust, 1994). 
It can be measured simply by the number of other actors to which the focal actor is adjacent (Scott, 
2013). According to Powell et al. (1996), firm's centrality is the number of other firms connected to 
that firm, ignoring how well those partners are connected (Powell et al., 1996). Organization central 
position in a network will increase its early access to resources, knowledge and information flow 
(Lee, 2007). Moreover, this central position could offer returns to the organization in terms of 
competitive advantage (Owen-Smith and Powell, 2004).    
Betweenness centrality:  
Betweenness explores further the concept of centrality. It is concerned with the position of an actor 
which lies between other actors in the network (Owen-Smith and Powell, 2004). Betweenness 
centrality measures the centrality of a focal firm in a network (Gilsing et al., 2008). It indicates a 
Ĩŝƌŵ ?ƐĂďŝůŝƚǇƚŽĂďƐŽƌď ?ŽƌŝŶƚĞƌƌƵƉƚ ?ŝŶĨŽƌŵĂƚŝŽŶĨůŽǁƐƚŚƌŽƵŐŚƚŝŐŚƚůǇƐĞĂůĞĚŶĞƚǁŽƌŬƉŝƉĞƐ (Owen-
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Smith and Powell, 2004). Additionally, betweenness centrality could be a measure of the influence a 
focal firm has over the information through the network (Gilsing et al., 2008). It is measured by the 
extent to which a firm is located on the shortest path (i.e., geodesic) between any two actors in its 
network (Schilling and Phelps, 2007).   
According to Powell et al. (1996), centrality is a measure of how well connected, or active, a firm is in 
the overall network. In their analysis of inter-organizational formal agreements at the firm level of 
 ? ? ?ĨŝƌŵƐŝŶŝŽƚĞĐŚŶŽůŽŐǇŝŶĚƵƐƚƌǇ ?WŽǁĞůůĞƚĂů ? ? ?    ?ŝŶǀĞƐƚŝŐĂƚĞĚĨŝƌŵƐ ?ŶĞƚǁŽƌŬƉŽƐŝƚŝŽŶĂŶĚŝƚƐ
influence on collaborative R&D. they have shown that network position (central connectedness) has 
reciprocal influences on R&D alliances, investment ties, and total collaboration. Moreover, it was 
found that R&D ties, experience, and diversity produce central connectedness, and this central 
position cycles back to intensify a firm's commitment to exploring through its network.  
Soh (2003) carried out a study on 201 observations for 48 firms in the computer networking market, 
and found that centrality position in the technology collaboration network of a firm improves its new 
product performance (Soh, 2003). Another research conducted by Gilsing et al. (2008) to investigate 
the relationship between explorative innovation performance of companies and network centrality 
(Betweenness centrality).  Acquiring a panel data on the alliance and patenting activities of 116 
companies on chemicals, automotive and pharmaceutical industries, the study concluded that highly 
central firms enjoy the strongest improvements of their explorative innovation performance 
network (Gilsing et al., 2008) ?,ŽǁĞǀĞƌ ?^ĐŚŝůůŝŶŐĂŶĚWŚĞůƉƐ ? ? ? ? ? ?ĚŝĚŶ ?ƚĨŝŶĚƐƚĂƚŝƐƚŝĐĂůƐŝŐŶŝĨŝĐĂŶĐĞ
evidence concerning the effect of betweenness centrality on subsequent firm patenting in their 
longitudinal study of 1,106 firms. On the contrary, they have concluded that efficiency had a 
significant negative effect on firm patenting which suggest that the presence of structural holes in a 
firm's ego network of alliance relationships has negative consequences on its innovative output 
(Schilling and Phelps, 2007).   
Therefore, we propose the following hypothesis for central position in a network in terms of 
betweenness centrality and degree centrality which is going to be discussed further when we define 
research variables: 
H2a: Central position in a network has a positive relationship with Product innovation. 
H2b: Central position in a network has a positive relationship with Process innovation.  
H2c: Central position in a network is positively related to degree of novelty. 
Research Conceptual Model:  
There are two main types of social network research, Whole network and ego network researches. 
Whole network type of researches concerned with the social structure and relations among all 
actors in a given set of network (Scott and Carrington, 2011; Wasserman and Faust, 1994). Whereas, 
ego-centred network (or ego network), by definition, is a network which consists of a particular actor 
(ego), the actors ĞŐŽ ŝƐĐŽŶŶĞĐƚĞĚƚŽ  ?ĞŐŽ ?ƐĂůƚĞƌƐ ? ?ĂŶĚƚŚĞŵĞĂƐƵƌĞŵĞŶƚŽƚŚĞƚŝĞƐ from ego to 
alters and on the ties between alters (Borgatti et al., 2013; Wasserman and Faust, 1994). 
In this research, in order to gather and investigate organization level of analysis (subject type 
approach), an ego network perspective is adapted. This will allow for an in-depth analysis for the 
organizations in hand and uncover their network characteristics. In social network analysis, ego 
network approach allows gathering and examining the organization relational data, constructing and 
ĚĞĨŝŶŝŶŐƐƚƌƵĐƚƵƌĂůŶĞƚǁŽƌŬ ?ĂŶĚƚŚĞĐŽŵƉŽƐŝƚŝŽŶŽĨƚŚĞĞŐŽ ?ĂůƚĞƌƐ WŽƌŐĂŶŝǌĂƚŝŽŶ ?ƐƉĂƌƚŶĞƌƐ ?
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Fig.1 shows the research conceptual framework which will be examined in this paper. The model 
describes the main ego-network structural embeddedness dimensions and their relevance to 
innovation output. 
 
Fig.1: Research Conceptual Model 
Research Methodology: 
Sample and data:  
The source of our data comes from innovation survey implemented in 2015. It was conducted on the 
medium and high technology sectors in Saudi Arabia to collect data about their social network 
aspects and innovation activities in the period 2012-2014. A questionnaire was developed to collect 
data on innovation and network characteristics at the organization level, which is an ego network 
level of analysis in the social network analysis approach. Two different data collection approaches 
were adopted, 1) innovation data was collected based on ƚŚĞ “KƐůŽDĂŶƵĂů ?ŐƵŝĚĞůŝŶĞƐĨŽƌĐŽůůecting 
and interpreting technological innovation data (Laursen and Salter, 2006; Reichstein and Salter, 
2006), 2) network data was collected based on Social Network Analysis (SNA) approach (Borgatti et 
al. 2013; Scott, 2013; Wasserman and Faust, 1994).  
The first part of the questionnaire concern with innovation types and activities covering the period 
2013-2014. As highlighted above, it follows the method and types of questions described in the 
Organization for Economic Co-operation and Development (OECD) Oslo Manual (OECD, 2005). The 
second part of the questionnaire is in relation to network characteristics for the period 2012-2013, 
with one year lag in order to be able to examine the effect of network characteristics on 
innovativeness. Questionnaire is the most common data collection method used in collecting 
network data to conduct social network analysis Wespecially when the actors are people or 
organizations- (Scott and Carrington, 2011; Wasserman and Faust, 1994). Following the survey 
requirements outlined by Scott and Carrington (2011), the common approach in conducting such 
survey has to follow certain steps such as defining the network type (whole or egocentric network), 
specifying target population or research boundary, and level of analysis. For this research, these 
steps are summarized in Table1. 
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Concept Innovation Section Network Section 
Methodology approach Follow the methodology of conducting innovation surveys based on the 
 “KƐůŽ DĂŶƵĂů ? ŐƵŝĚĞůŝŶĞƐ ĨŽƌ Đollecting and interpreting technological 
innovation data (OECD, 2005). 
 
Social Network Analysis (SNA) methodology is 
going to be followed 
 
References  (Faems et al., 2005), (Laursen and Salter, 2006; Tether and Tajar, 2008a),  
(Radas and Bozic, 2009) 
(Weterings and Boschma, 2009), (Mol and 
Birkinshaw, 2009) 
Research boundary  and 
sampling population 
First important initial step: defining Research boundary  and sampling population 
Research population: Saudi Arabia Firms, in the Medium & High Technology Sectors 
References (Wasserman and Faust, 1994), (Scott and Carrington, 2011.), (OECD, 2005). 
Level of analysis Subject approach ( Firm level of analysis) Egocentric network analysis  
(Actor is the unit of analysis- in this research Firm 
level of analysis) 
Data collection 
Instrument  
 
This research is following OECD (2005) approach and is adapting similar 
questions that of community Innovation Survey (CIS). The selection of 
questions is only going to be the questions related to Product, Process 
and Organizational innovation part of CIS. 
Surveys and Questionnaires are the most common 
method used to gather network data  
References  (Marsden, 1990) (Burt, 1984), (Wasserman and 
Faust, 1994).   (Scott, 2013) 
Table1: Research methodology approach 
Since the main objective of this survey is to collect data about individual actors in the network 
(organizations), an ego network type of network was selected to serve this purpose. Ego centric 
ŶĞƚǁŽƌŬĐĂŶďĞĚĞĨŝŶĞĚĂƐ “ŶĞŐŽ-centred network consists of a focal actor, termed ego, as set of 
alters who have ties to ego, and measurements on the ties among thesĞ ĂůƚĞƌ ? ?  ?tĂƐƐĞƌŵĂŶ ĂŶĚ
Faust, 1994, p42). Egos can be persons, groups, organizations, or whole societies (Scott and 
Carrington, 2011). According to Borgatti et al. (2013), collection of ego network data has two main 
steps, name generator, and name interpreter. First, researcher can ask the respondent to name their 
ĂůƚĞƌƐ ?ƉĂƌƚŶĞƌƐ ?ǁŚŝĐŚŝƐĐĂůůĞĚ “ŶĂŵĞŐĞŶĞƌĂƚŽƌ ? ?dŚĞƐĞĐŽŶĚƐƚĞƉ ?ĂĨŽůůŽǁƵƉƚǇƉĞŽĨƋƵĞƐƚŝŽŶƐŝŶ
which we ask the respondent about each name that has been mentioned in the name generator part 
of the survey that ŝƐĐĂůůĞĚ “ŶĂŵĞŝŶƚĞƌƉƌĞƚĞƌ ? (Borgatti et al. 2013). Table2 shows the main aspects 
of name generator and name interpreter in social network approach. 
Name generator Name interpreter 
WƌŽǀŝĚĞĚĂƚĂĂďŽƵƚĂƌĞƐƉŽŶĚĞŶƚ ?ƐĞŐŽĐĞŶƚƌŝc 
network 
Follow the name generator questions 
ĞƉĞŶĚŽŶƌĞƐƉŽŶĚĞŶƚ ?ƐƌĞĐĂůů Asks about attributes of particular relationships 
Could require high answering  time if  alters or name 
interpreter are numerous  
 
Allow for measuring many of network properties 
Must specify a particular type of relationship Ask about form and content of information  
usually, asks respondents to identify alters by first 
name or initials only 
 
  
Reference: (Scott and Carrington, 2011; Borgatti et al., 2013) 
Table2: Name generator and name interpreter in SNA 
The research final sample is 104 firms out of 540 distributed surveys that account for 19% response 
rate and representing about 17% of the whole 613 firms in the Medium and high Technology sectors 
in Saudi Arabia. The research population and firms were identified from three governmental data 
basses accessed in Nov-Dec, 2014, namely, Ministry of Commerce and Industry (MCI), the Saudi 
Industrial Property Authority (MODON), and Communications and Information Technology 
Commission (CITC). The sample was randomly selected from different manufacturing and service 
sectors following ISIC code as shown in Table3. The participated organization varies in size, 64 
organizations represent medium size, and 40 large size organizations.  
 
8 
 
Sector ISCI N % 
Manufacturing 
20 - Manufacture of chemicals and chemical products 7 7% 
202 - Manufacture of plastics products 23 22% 
21 - Manufacture of basic pharmaceutical products and pharmaceutical preparations 22 21% 
27 - Manufacture of electrical equipment 22 21% 
28 - Manufacture of machinery and equipment 5 5% 
Total manufacturing firms 79 76% 
Service 
61 - Telecommunications 9 9% 
62 - Computer programming, consultancy and related activities 7 7% 
63 - Information service activities 9 9% 
Total Service firms 25 24% 
Total Respondents 104 100% 
Size 
Medium 64 62% 
Large 40 38% 
Table3: Composition of respondents 
Defining Variables: 
Dependent Variables (DV): 
As indicated earlier, the objective of this paper is to assess which network structural embeddedness 
ǀĂƌŝĂďůĞƐ ŚĂǀĞ ƚŚĞ ŵŽƐƚ ŝŵƉĂĐƚ ŽŶ ŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ ŝŶŶŽǀĂƚŝǀĞŶĞƐ ? /ŶŶŽǀĂƚŝǀĞŶĞƐƐ ŝƐ ĞǀĂůƵĂƚĞĚ ŝŶ
terms of innovation outcome as product innovation, process innovation, and degree of innovation 
novelty (Radical or incremental innovation). The dependent variables reflect the innovation activities 
and outcomes by organizations. For product innovation (DV), the respondents were asked how many 
new or significantly improved goods or services did their company introduce in 2013/2014? For 
process innovation (DV), the question was to indicate how many new or significantly improved 
production, or delivery process and methods did their company introduce in 2013/2014? To 
construct the degree of novelty variable, we flowed the method outlined by Reichstein and Salter 
(2006) and Vega-Jurado et al. (2008) when organizations was asked whether their introduced 
innovation new to the market (identified as Radical innovation), or only new to the organization 
(identified as incremental innovation) (Reichstein and Salter, 2006; Vega-Jurado et al., 2008). 
Independent Variables (IV): 
The proposed framework model suggests two factors of network structural embeddedness to 
influence organization innovativeness. The research independent variables network density and 
central position (in terms of the interaction of degree centrality and betweenness centrality) are 
defined in Table4. To calculate these measures we followed the social network analysis approach 
outlined by Borgatti et al. (2013), where we constructed an undirected adjacency matrix for the data 
on hand. The rows and columns in the adjacency matrix represent the nodes (in this paper are 
organizations). An entry of 1 in row and column represent a tie or a relationship between two 
different entities, and the absence of the tie or relationships between nodes is assigned 0. 
Additionally, the matrix is considered a one-mode matrix where both rows and column refer to the 
same single set of entities (Borgatti et al., 2013).  
The three network variables were computed using the social network analysis package UCINET 6.586 
(Borgatti et al., 2002). Data were gathered from the survey following name generator and name 
interpreter approach explained previously. The respondents were asked to name the organizations 
that they have had a business or inter-organizational relationship with over the years 2012-2013. 
Then, a follow up question to relate or link these named organization to each other by asking the 
respondents if any of them have had business or inter-organizational relationship or knowledge or 
information transfer with each other in 2012-2013 (Borgatti et al., 2013; Casciaro, 1998; Scott and 
Carrington, 2011). Figure3 shows the UCINET 6.586 network of the undirected adjacency matrix of 
the medium and high technology sectors in Saudi Arabia. 
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Fig3: Network layout of organizations and its alliances 
Network density:  
We measure ego-network density from the constructed undirected adjacency matrix of 
organizations using UCINET 6.586. The ego-network density measured from the ratio of existing ties 
or links in the ego-network to the number of all possible ties between organization and its partners. 
It may range from 0 to 1, with larger values indicating increase in density (Borgatti et al., 2013; 
Casciaro, 1998; Phelps, 2010; Scott and Carrington, 2011; Schilling and Phelps, 2007). The formula 
for density is 2L/ [n (n-1)], where n: is the number of alters (partners), and L: the number of ties 
between alters (partners) (Borgatti et al., 2013; Scott, 2013; Scott and Carrington, 2011).  
 Degree centrality 
We measured degree centrality for our sample using UCINET 6.586. It is measured as the number of 
direct ties or links that involve a given node (organization). It is measured by N-1, where N is the 
number of nodes (organizations) in the ego-network (Bellamy et al., 2014; Borgatti et al., 2013; 
Marsden, 2002; Scott, 2013; Wasserman and Faust, 1994). An example of degree centrality from one 
of research sample ego-network is illustrated below: 
Number of nodes in the ego-network (N) = 6, therefore degree centrality = 6-1=5 
 
 
 
 
Fig4: Ego network example 
Betweenness centrality: 
To measure the position in a network, betweenness centrality of a focal organization-ego- reflects 
the extent to which a given actor (organization) falls along the shortest path (i.e. geodesic) between 
two other actors in the ego-network (Borgatti et al., 2013; Casciaro, 1998; Phelps, 2010; Schilling and 
Phelps, 2007; Scott, 2013; Wasserman and Faust, 1994). We computed ego-network betweenness 
centrality following the method used by Borgatti and Everett (2005). First, we compute the 
betweenness centrality for individual actors (organization) in the network from the constructed 
adjacency matrix. We need only to consider geodesic of length 2 which passes through ego without 
counting for geodesics of length 1 ƐŝŶĐĞƚŚĞǇĚŽŶ ?ƚĐŽŶƚribute towards betweenness centrality. The 
following example is an illustration of one of the sample organization in this research. If A is the 
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adjacency matrix for organization 1, then A² contains the number of paths of the length 2. We need 
to count the number of paths of length 2 for non-adjacent pairs of actors since these will be 
ŐĞŽĚĞƐŝĐƐ ? /ƚ ĨŽůůŽǁƐ ƚŚĞ ĨŽƌŵƵůĂ  ?  ? ? AL  ?ŝ ?ũ ? ǁŚĞƌĞ  ? ŝƐ Ă ŵĂƚƌŝǆ ŽĨ Ăůů  ? ?Ɛ ?gives the number of 
geodesics of length 2 (Borgatti and Everett and, 2005).  
 
 
Fig5: Betweenness centrality calculation matrix example 
 
The betweenness centrality of organization 1 (the ego) is the sum of the reciprocals of the entries, in 
the given example the betweenness centrality is equal to 9. 
Central position: 
As recommended by Ryan T. (2009), in order to perform a logistic regression analysis it is 
recommended testing for multi-collinearity between variables (Ryan T., 2009). The correlation test 
showed high correlation (r=0.837) between betweenness centrality and degree centrality variables. 
Therefore, and to avoid such biased which might affect our analysis, a new variable was constructed 
(Central position) to investigate network centrality influence on our dependent variables. 
Additionally, one of Logistic regression advantages is that we can directly compute this new term 
when executing the LR analysis.  
Control variables: 
Organization innovativeness could be affected by specific firm characteristics. To capture that 
influence, we included control variables for age, size, and sector. We employed the year of 
establishment as a measure of the organization age (in years) to address the role that age might 
have on new established organizations position and density in the network, thus organization 
innovativeness. For size classification, we followed K  ? ? ? ? ? ? Ĩŝƌŵ ?ƐĐůĂƐƐŝĨŝĐĂƚŝŽŶďǇƐŝǌĞ ?where 
firms classified as medium size if they have 50-249 employees and large size if their employees 250 
and above (OECD, 2005). Moreover, organization was also categorized according to manufacturing 
or service sectors.  
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Table4: Description of variables 
Results and Analysis: 
We have applied a logistic regression (LR) for our research analysis.  Logistic regression is used to 
model the categorical type (nominal scale) of data.  It is used to predict the relationship between 
one or multiple predictors (independent variables) and the dependent variable. Table5 shows the 
result of our regression analysis for the research dependent variables. All three analyses showed an 
overall goodness of models fit to the data as can be seen from LR statistics. Goodness of model fit 
could be assessed either from significance Model Chi-square or Hosmer WLemeshow goodness-of-Įƚ 
test with higher than 5% p-value, which is further confirmed with correct classification percentage. 
The results for network density give support to hypothesis 1a (H1a), which suggest that network 
density has a positive relationship with Product innovation. Since the analysis shows greater than 1 
of Odds Ratio (OR). For product innovation, network density, (OR=5.022, p-value= 0.026) suggests a 
significant positive influence on the likelihood of increase in product innovation for organization with 
dense network. Furthermore, having high central position (the interaction term between 
Betweenness centrality and Degree centrality) in the network (RO=1.023, p-value=0.003) is also 
having a significant positive relationship with product innovation supporting hypothesis 2a (H2a). 
However, control variables age and size showed insignificant positive and negative relationship 
respectively. Whereas, ŽƌŐĂŶŝǌĂƚŝŽŶ ?ƐƐĞĐƚor have had exerted a significant and positive relationship 
with product innovation. Moreover, service organizations are more than five times more likely to 
produce product innovation than the manufacturing organizations.  
Our data analysis showed same findings for process innovation, network density showed a highly 
positive relationship with process innovation (RO=5.366, p-value= 0.020), thus providing support for 
hypothesis 1b (H1b). Additionally, hypothesis 2b (H2b) was supported were our analysis indicate 
that being in a central position in the network could positively and significantly enhance process 
 Variables Description Measurement 
Dependent 
Variables 
Product 
innovation 
The market introduction of a new or a 
significantly improved good or service with 
respect to its capabilities.  
ƵŵŵǇǀĂƌŝĂďůĞ P ?ŝĨƚŚĞĮƌŵŚĂƐ
introduced product innovation, 0 
otherwise   
 
 Process 
innovation 
The implementation of a new or 
significantly improved production process, 
distribution method, or supporting activity. 
ƵŵŵǇǀĂƌŝĂďůĞ P ?ŝĨƚŚĞĮƌŵŚĂƐ
introduced process innovation, 0 
otherwise   
 
 Degree of 
Novelty 
(Radical 
innovation) 
Product or process innovations that are 
new to the market  
ƵŵŵǇǀĂƌŝĂďůĞ P ?ŝĨƚŚĞĮƌŵŚĂƐ
introduced product and/or process 
innovation new to the market, 0 
otherwise   
Independent 
Variables 
Density a measure of connectedness between 
members in a network 
Calculated as the number of ties 
ďĞƚǁĞĞŶĂƌĞƐƉŽŶĚĞŶƚ ?ƐƉĂƌƚŶĞƌƐ ?
divided by the maximum number of all 
possible ties between those partners 
 Central Position  An interaction term between degree 
centrality and  Betweenness centrality  W 
see  the  description  of degree centrality 
and  Betweenness centrality  W 
Degree centrality: the degree to which a 
firm is involved with other actors in the 
network. 
Betweenness centrality: is concerned with 
the position of a firm which lies between 
other firms in the network. 
Degree centrality:  Measured by the 
number of immediate partners that an 
actor has in their network.  
Betweenness centrality:  Measure by 
the extent to which a firm is located on 
the shortest path (i.e., geodesic) 
between any two actors in its network 
Control 
Variables 
Company age Year of establishment  
 Company size Number of full time employees Dummy variable: 1 if the ĮƌŵŝƐ>ĂƌŐĞ
size firm, and 0 if Medium size  
 Main activity sector classification ( 
manufacturing/Service) 
ƵŵŵǇǀĂƌŝĂďůĞ P ?ŝĨƚŚĞĮƌŵŝƐŝŶƚŚĞ
manufacturing sector 
; 0 if belong to service sector 
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innovation (RO= 1.022, p-value= 0.005). Nevertheless, only organization sector as a control variable 
that showed a positive and significant association to process innovation. Likewise, services 
organizations are more likely to process innovate by over three times the manufacturing sector. 
Organizations seeking to develop more novel (radical) innovation should pay more attention to its 
network structure embeddedness in terms of its density and position. As seen in Table5, for the 
degree of innovation novelty, our analysis suggests that a dense network has a positive and 
insignificant influence on degree of novelty at 5% level (RO=7.43, p-value=0.065). Therefore, our 
findings show lack of support for hypothesis 1c (H1c). On the other hand, the regression analysis 
model displays that occupying a central position seems to have positive and significant impact on 
degree of novelty (RO=1.038, p-value= 0.005) supporting the research hypothesis2c (H2c). Age and 
size analysis suggest a negative and insignificant association with degree of novelty. While, sector 
has positive, but insignificant relationship with the degree of novelty. 
 
Dependent 
Variables 
Product Innovation Process Innovation Degree Of Novelty 
 
Independent 
Variables 
EXP(B) Odds 
Ratio, (sig.) 
95% C.I.for 
EXP(B) 
EXP(B) 
Odds Ratio 
(sig.) 
95% C.I.for EXP(B) 
EXP(B) Odds 
Ratio (sig.) 
 
95% C.I.for EXP(B) 
 
L H 
 
L H 
 
L H 
Density 
5.022 
(0.026) 
 
1.211 20.818 
5.366 
(0.020) 
1.301 22.125 7.43 (0.065) .876 63.007 
Central Position 
1.023 
(0.003) 
1.008 1.040 
1.022 
(0.005) 
1.007 1.038 1.038 (0.005) 1.011 1.066 
Control 
Variables  
  
 
  
 
  
Age 1.02 (0.322) .981 1.061 
0.995 
(0.826) 
.957 1.036 0.983 (0.588) .926 1.045 
Size 0.87 (0.792) .308 2.461 
0.794 
(0.661) 
.283 2.231 0.739 (0.719) .142 3.846 
Sector 
5.148 
(0.010) 
1.472 18.007 
3.453 
(0.045) 
1.026 11.632 3.037 (0.218) .518 17.820 
LR test statistics  
Model Chi-
square (sig.) 
33.9 (0.000) 31.36 (0.000) 32 (0.000) 
Hosmer W
Lemeshow 
goodness-of-Įƚ 
0.629 0.3 0.516 
Overall Correct 
ĐůĂƐƐŝĮĐĂƚŝŽŶ ?A? ? 70.2 70.2 77.4 
N 104 104 62 
Tests are at 95% confidence Interval 
Table5: results of the regression analysis 
Discussion and conclusion: 
The findings of this paper offer empirical analysis that demonstrate the crucial role which network 
structure embeddedness could play in enhancing ŽƌŐĂŶŝǌĂƚŝŽŶ ?ƐŝŶŶŽǀĂƚŝǀĞŶĞƐƐ ?Organizations face a 
rapid and ever changing environment where innovation is essential for their survival and growth. 
The proposed conceptual framework shows usefulness of the main network structure characteristics 
and its impact on type and degree of innovation novelty in organizations. In addition, the paper 
considers both the connectedness between members (network density) in a network and their 
position (centrality) which gives a comprehensive view of the opportunities or constrains which 
organizations might encounter in their network structure ? KƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ ŝŶŶŽǀĂƚŝǀĞŶĞƐƐ ĐŽƵůĚ ďĞ
enhanced by achieving optimal network configuration. As shown by the result, a joint consideration 
to the network structural embeddedness is positively and significantly contributing to innovativness.  
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For organizations in Saudi High and Medium sectors, the analysis of product innovation and process 
innovation outcomes are positively and significant associated with organizations that structurally 
embeddeded in a dense network and have high betweenness centrality and high degree centrality  
(e.g. high network central position). These findings suggest that organizations active in a dense 
network which in turn enjoys trust, and a shared identity, which increases knowledge and 
information transfer among network actors (Phelps, 2010; Schilling and Phelps, 2007). Moreover, 
being highly central in terms of betweenness centrality and high degree centrality is beneficial in a 
way that is reflected on focal firm ability and capability to absorb the flow of information in the 
network (Owen-Smith and Powell, 2004). Hence, as results of the analysis indicated, an increase in 
ƚŚĞŽƌŝŐŝŶĂƚŝŽŶ ?ƐƉƌŽĚƵĐƚ and process innovation outcomes.  For more novel innovations, network 
density showed a positive, but insignificant relationship with degree of novelty at 5%. Whereas, 
central position in the network is highly impacting innovation novelty outcome which stress the 
importance of how well the focal firm is connected to others.   
In respect to the organization specific features such as size and age, the results showed not to have 
significant impact on its innovativeness or degree of novelty of innovation. However, service and 
manufacturing sectors show a positive and significant role in determining innovation outcome, 
shows higher association in service organization than manufacturing. This paper results suggest that 
it is better for manufacturing firms to reconsider their network structural emmebdencess to more 
benefit from their connection and gain access to knowledge and information. 
This research is not free from Limitation, which may provide directions for future research. First, 
although we have investigated the network structure characteristics, the data are country specific  W 
Saudi industry-and depend on the type and structure of the sampled organizations. Secondly, the 
paper looked at network structure properties in isolation of network relational dimension (e.g. tie 
strength), which could have its effect on the innovation outcome or degree of novelty. Therefore, it 
seems useful for future research to consider these aspects jointly.  
Overall, this paper contributes to the on-going ƐƚƌĞĂŵŽĨƌĞƐĞĂƌĐŚƌĞůĂƚŝŶŐŽƌŐĂŶŝǌĂƚŝŽŶ ?ƐŶĞƚǁŽƌŬŝŶŐ
with innovation. It  identifies  and  discusses  the  main  concepts  of  network  analysis  and  the  key  
components  in  network  characteristics  influencing  organization  innovativeness. Moreover, the 
study empirically investigates the impact of structural dimensions of a network and on ŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛ 
tendency to innovate in the medium and high technology sectors in Saudi Arabia. It presents 
interesting results for the studied organizations and shows that a densely interconnected ego-firm 
network with central position could positively enhance its product and process innovation output.   
The outcome of this research has theoretical as well as practical implications. Theoretical in the 
sense that it provided new insights into innovation networks paradigm from the social network 
perspective considering both network density and centrality and its effect on product, process, and 
degree of novelty. For managerial implications, the study shed light on the main network structural 
properties and specifically addresses ŝƚƐŝŵƉĂĐƚŽŶŽƌŐĂŶŝǌĂƚŝŽŶ ?Ɛtype of innovativeness. This could 
guide professional managers aiming for high innovation performance to reconsider and re-evaluate 
ƚŚĞŝƌŽƌŐĂŶŝǌĂƚŝŽŶ ?ƐŶĞƚǁŽƌŬƐƚƌƵĐƚƵƌĂůembeddedness.  
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